Bimodal modulation of tau protein phosphorylation and conformation by extracellular Zn2+ in human-tau transfected cells.
Abnormal homeostasis of heavy metals is a well-documented physiopathological mechanism in Alzheimer's disease. An exacerbation of these abnormalities is best illustrated in the amyloid plaques in Alzheimer's disease brain tissue, in which zinc reaches the enormous concentration of 1000 microM. Zinc in the plaques is thought to originate from impaired glutamatergic neurons distributed in the associative cortex and limbic structures of normal brain. Although the characteristics of zinc binding to Abeta and its role in promotion of Abeta aggregation have been intensively studied, the contribution of zinc to the development of tau pathology remains elusive. To further document the effect of zinc we have investigated the modifications of tau phosphorylation, conformation and association to microtubules induced by zinc in clonal cell lines expressing a human tau isoform. A bimodal dose dependent effect of zinc was observed. At 100 microM zinc induced a tau dephosphorylation on the PHF-1 epitope, and at higher zinc concentrations induced the appearance of the abnormal tau conformational epitope MC1 and reduced the electrophoretic mobility of tau, known to be associated to increased tau phosphorylation. High zinc concentrations also increased glycogen synthase kinase-3beta (GSK-3beta) phosphorylation on tyrosine 216, a phosphorylation associated with increased activity of this tau kinase. Live imaging of tau-EGFP expressing cells demonstrated that high zinc concentrations induced a release of tau from microtubules. These results suggest that zinc plays a significant role in the development of tau pathology associated to Alzheimer's disease.